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Force Application Element, Extension Element, and a Method for Increasing the 

Tensile Load of a Strip-Shaped Material 

Technical Field 

The invention is based on a force application element, comprising a tensioning 
anchor to anchor a strip-shaped material to a supporting structure as indicated in the 
preamble of the first claim. 

The invention also relates to an extension element for a tensioning anchor, a 
method for increasing the tensile load of a strip-shaped material, as well as the utilization 
of a force application element to reinforce the supporting structure. 

Prior Art 

For a number of years now, lamellas composed of composite materials, in 
addition to steel lamellas, have been employed for post-reinforcement of supporting 
structures. These composite materials are bonded to the supporting structure either 
slackly without longitudinal pretensioning or pretensioned using terminal anchors. Such 
terminal anchors are known, and various attachment methods for the transfer of force 
from a force application element to the composite material have already been put on the 
market. However, in the case of most currently available force applications the 
transferable forces are smaller than the tensile strength of the composite material - with 
the resulting disadvantage that the tensile potential of the composite material is utilized 
only to a limited extent, thereby providing solutions which are not economical. 



In the case of most currently used force applications, the tensile forces occurring 
during pretensioning are transmitted to the composite material through frictional forces 
by clamping or adhesive bonding of the tensioning anchor to the composite material. The 
principal problem with the currently available force applications is the fact that stress 
peaks are created at the transition from the composite material to the tensioning anchor. 
The maximal transferable tensile load is reached, however, when the shearing force in the 
stress peaks reaches the maximum transferable static friction, or the maximum 
transferable adhesion strength. 

In WO 02/103131 Al, the attempt was made to divide the tensioning anchor into 
multiple regions, clamping blocks, which are connected to each other by strain sections 
of differing flexural rigidity. Before applying the pretension, these clamping blocks are 
fixedly attached to the strip-shaped tendon, either by adhesive bonding or by clamping. 
This is intended to prevent shearing stress peaks, which exceed the breaking stress in the 
adhesion joint or in the friction region at the transition to the anchoring zone. 

Experience has shown that even with carefully implemented force applications - 
described, for example, in the above document, WO 99/10613 Al, and WO 96/21785 - 
the maximum transferable tensile load reaches only about 70% to 75% of the maximum 
tensile load of the composite material. For this reason, it is possible to load such force 
applications only up to around 50% of the maximum tensile load of the composite 
material while maintaining a safety factor of 1 .5. 
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Description of the Invention 



The goal of the invention is therefore to overcome the disadvantages of prior art 
and provide means which enable the maximum transferable tensile load to be increased. 

This goal is achieved by a force application element according to the invention as 
specified in Claim 1 . 

The solution to achieving the goal is based on an approach in which following the 
tensioning process for the strip-shaped material an extension element is employed in a 
second step for the purpose of preventing the additional stress buildup at the transition to 
the tensioning anchor. 

In a first step, the strip-shaped material is tensioned through the tensioning anchor 
to the pretensioning load. In the process, stress peaks are created at the transition from the 
strip-shaped material to the tensioning anchor. After pretensioning and anchoring on the 
structure, an extension element is attached, either with an adhesive or mechanically, to 
the strip-shaped material in the tensioned state. The attachment between the agent and the 
composite material is at this time tension-free. In response to an additional loading of the 
material, for example, from operational loads, the resulting additional stresses are 
transferred primarily through the preceding agent directly into the supporting structure 
and not, or only to a small degree, into the tensioning anchor. The result is an increase in 
the total load while the required safety factor is maintained. 

The tensioning anchor may also be designated as a clamping head and may 
essentially be of arbitrary design. For example, this tensioning anchor is composed of two 
pressure plates and at least one tensioning element, for example a pin, passed through the 
composite material. Alternatively, the composite material is held supported against a 
stirrup-shaped yoke by two pressure plates by means of uniformly distributed pressure 
elements, or by means of a hydraulic pressure chamber acting over the entire pressure 
surface. Alternatively, in place of pins or plates, clamping wedges are used which are 
pressed onto the composite material by elliptical annular stirrups. 



The advantages of the invention consist in the fact that the solution according to 

the invention may be employed for any tensioning anchor on the market. This means for 

reducing stress peaks at the transition to the tension anchor may be an extension element 

which is mechanically anchored and/or adhesively bonded to the composite material, and 

so anchored in a tensile-strength-securing manner to the tensioning anchor or transverse 

cross-member. Alternatively, the transverse cross-member is attached to the composite 

material in a second procedural step by injection of the adhesive. This tensioning method 

increases the maximum transferable operational tensile forces by at least 20%-50% into a 

range of between 300 and 400 kN, while mamtaining a safety factor of 1.5. 

Additional advantageous embodiments of the invention are described in the 
subordinate claims. 



Brief Description of the Drawing 

The following discussion explains embodiments of the invention in more detail 
based on the drawing. In the various figures, identical elements are provided with 
identical reference numbers. 

Fig- 1 is a schematic side view of a first embodiment; 

Fig- 2 is a schematic side view of another embodiment; 

Fig. 3 A is a schematic side view of yet another embodiment; 

Fig. 3B is a schematic side view of another embodiment based on 3 A; 

Fig. 3C is a schematic side view of another embodiment based on 3A employing a 

slight modification; 



Fig. 4A is a side view of another embodiment; 

Fig. 4B is a top view of another embodiment based on Fig. 4A; 

Fig. 5A is a side view of another embodiment; 

Fig. 5B is a top view of another embodiment based on Fig. 5A; 

Fig. 6A is a side view of another embodiment having a wedge-shaped bonding of 

the extension element to the composite material; 
Fig. 6B is a top view of another embodiment based on Fig. 6A; 

Fig. 6C is a side view of another embodiment having a zigzag-shaped bonding of 

the extension element to the composite material; 
Fig. 6D is a side view of another embodiment having a wave-shaped bonding of 

the extension element to the composite material; 
Fig. 7 is a side view of an especially preferred embodiment of an extension 

element having a hyperbolic design. 

Way of Implementing the Invention 



Figure 1 shows a force application element 1, comprising a conventionally known 
tensioning anchor 20 and an extension element 4 according to the invention after a 
tensioning process. As known from prior art, tensioning anchor 20 is attached to a strip- 
shaped material 5, in particular, a composite material, hereafter termed simply a lamella - 
the attachment being effected by adhesive bonding, clamping, etc. The tensioning process 
can be first be implemented by a tensioning press in direction of tension 1 1, the 
tensioning press being temporarily located on tensioning anchor 20. 

Tensioning anchor 20 is retained, for example, within an anchoring tube or 
shearing pin, not shown, which is affixed in a drilled hole within supporting structure 10. 



Following the tensioning process, adhesive 6 is applied in a second step to strip- 
shaped composite material 5 as well as to the adjacent region of tensioning anchor 20. 
The adhesive is, in particular, paste-like so as to facilitate application. Extension element 
4 is placed on the adhesive paste 6 situated on the strip-shaped composite material, then 
adhesively bonded to tensioning anchor 20. 

Extension element 4 must be attached to tensioning anchor 20 in a tensile- 
strength-securing manner. The form of extension element 4 is based on the material 
selected for extension element 4, while the thickness of composite material 5 is selected 
with the purpose, among other things, of ensuring that extension element 4 tapers down 
toward composite material 5 and away from the tensioning anchor. 

Extension element 4 may be of any form, but will preferably have a tongue- 
shaped or wedge-shaped design in order to optimally reduce the stress peaks. It is also 
possible to incorporate into extension element 4 a few centimeters of ribs or folds in 
direction of tension 1 1 so as to ensure optimal adhesive bonding and an optimal reduction 
in tension. The length of extension element 4 on the top and bottom of strip-shaped 
composite material 5 is preferably 100 mm, in particular, 50 mm. At its center, the 
extension element preferably has a thickness of 10 mm at maximum, in particular, 5 mm 
at maximum. Extension element 4 and tensioning anchor 20 are preferably composed of 
metallic, ductile materials, in particular, aluminum, steel, or titanium. 

The adhesive 6, for example, a two-component adhesive based on epoxy resins, 
must have good adhesion not only to composite material 5 but also to extension element 
4, and should exhibit high strength. 

The stresses occurring during the tensioning process are graphed in Figure 1, 
where X represents the path along force application element 1, and Y represents the force 
at location X. 

The first graph plotting XI against Yl shows the stresses acting on force 
application element 1 after the pretensioning of lamella 5 by tensioning anchor 20 and 



the completed bonding-on of extension element 4. Since extension element 4 was 
attached to the lamella and the tensioning anchor only after the tensioning procedure, no 
stresses occur in this region. The stress peaks are highest at the transition from lamella 5 
to tensioning anchor 20, then decrease towards zero at the end of the tensioning anchor. 

Second graph plotting X2 against Y2 shows the stresses acting on force 
application element 1 when the supporting structure is under operational load. The 
majority of the stresses occurring as a result of the operational load are received by 
extension element 4 such that stresses occur here as well. As a result, however, the 
stresses to be received by the tensioning anchor remain essentially the same as in the case 
of pretensioning as illustrated in the XI Yl graph. 

As a result of the installation of extension element 4, additional stress peaks at the 
location of tensioning anchor 20 are largely prevented. As a result, the transferable force 
increases up to 20%-50% as compared with conventionally known tensioning anchors, 
while the safety factor of 1.5 is maintained. The available tensile load of composite 
material 5 can be utilized at a higher level, and an expected tensile force of between 300 
kN and 400 kN can be attained. 

Composite material 5 may be in the form of a lamella which is composed of fibers 
and a synthetic resin. The fibers may be configured in one direction, i.e., unidirectionally, 
or additionally, fibers may be structured in other directions, in particular, at an angle of 
plus 45° or minus 45° to the unidirectional main fiber direction. The fibers may 
preferably be composed of aramid, carbon, glass, etc. which are imbedded in the 
synthetic resin. The synthetic resin may be a duromer, such as, for example, epoxy, 
acrylate, or a thermoplastic material, such as, for example, polyamide, epoxy, acrylate. In 
order to achieve optimum adhesion to the pressure plate 3, the surface of composite 
material 5 is preferably specially marked, for example, roughened by grinding, or 
pretreated with an adhesive, or treated with a pretreatment system, such as, for example, 
primer, plasma, etc. 
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Figure 2 illustrates another embodiment of force application element 1 . Force 
application element 1 is composed here of plates 12 which form tensioning anchor 20, 
and of tongue-shaped projections 15 with recesses 14 which form extension element 4. 
Plates 12 are attached to lamella 5 using the approach known from the art. Following the 
tensioning process, adhesive 6 is applied in a second step to the strip-shaped composite 
material 5 in the region of tongue-shaped projections 15. The adhesive here should have a 
consistency which enables it to be inserted through the recesses 14 formed by the tongue- 
shaped projections. 

Graphs XI Yl and X2 Y2 show that this force application element 1 can assume 
the same function as that in Figure 1, whereas here projections 15 form extension 
element 4. 

Figures 3A and 3B illustrate force application element 1 in another embodiment. 
The tensioning process here again may be implemented by a tensioning press which is 
located temporarily on tensioning anchor 20. The tensile load of composite material 5 is 
subsequently accommodated by a transverse cross-member 2. Threaded rods 9 are 
installed laterally on tensioning anchor 20, these threaded rods 9 passing through 
transverse cross-member 2 of tensioning anchor 20. Tensioning anchor 20 is retained by 
transverse cross-member 2 and threaded rod 9 within an anchoring tube or shearing pin, 
not shown, which is attached in a drilled hole within supporting structure 1 0. The tension 
of composite material 5 can be increased by rotating a threaded screw 8 of threaded 
rod 9. 

Following the process of tensioning force application element 1 in direction of 
tension 1 1, adhesive 6 is applied in a second step to composite material 5 on and in front 
of transverse cross-member 2 opposite tensioning anchor 20. The adhesive is in particular 
paste-like to facilitate the application. An extension element 4 is placed onto adhesive 
paste 6 located on strip-shaped composite material 5, adhesively bonded to transverse 
cross-member 2 of tensioning anchor 20, and preferably mechanically anchored within 



transverse cross-member 2 by laterally displacing extension element 4. The transverse 
cross-member has clamp-like projections for this purpose. 

As a result, extension element 4 is attached in a tensile-strength-securing manner 
to transverse cross-member 2. Here too, the form of extension element 4 is based, as in 
all of the examples, on the material selected for extension element 4 and the thickness of 
composite material 5, and is selected, among other reasons, such that extension element 4 
tapers down toward composite material 5 and away from the transverse cross-member. 

Extension element 4 may be of any form, but preferably has a tongue-shaped or 
wedge-shaped design in order to optimally reduce the stress peaks. It is also possible to 
incorporate into extension element 4 a few centimeters of ribs or folds in direction of 
tension 1 1 so as to ensure optimal adhesive bonding and an optimal reduction in tension. 

Graphs XI Yl and X2 Y2 show that this force application element 1 can have the 
same function as in Figure 1. Since transverse cross-member 2 is not bonded to 
composite material 5, the stress peaks are highest at the transition from transverse cross- 
member 2 to tensioning anchor 20, then decrease towards zero by the end of pressure 
plates 3 of tensioning anchor 20 opposite transverse cross-member 2. As a result of the 
installation of extension element 4, additional stress peaks are largely prevented at the 
location of transverse cross-member 2 and force application element 1. 

Figure 3C shows force application element 1 in which, following the tensioning 
process, adhesive bonding has been implemented between transverse cross-member 2 and 
composite material 5, and extension element 4 has been installed. The result is a stress 
curve 12 which differs from that shown in Figure 3 A in the region of transverse cross- 
member 2, with the result that the transverse cross-member is also able to accommodate 
stresses produced by the operational load. 
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Figures 4A and 4B show that following the process of tensioning a force 
application element 1 in direction of tension 11, transverse cross-member 2 is attached in 
a second step to composite material 5 by injection of adhesive 6, transverse cross- 
member 2 thus taking over the function of extension element 4. Since transverse cross- 
member 2 is bonded to composite material 5 in a second step, the stress peaks under an 
operational load are at their highest level both at the location of transverse cross-member 
2 and composite material 5, as well at the location of transverse cross-member 2 and 
force application element 1, and diminish in direction of tension 11. 

In Figures 5 A and 5B, extension element 4 is placed on adhesive paste 6 on strip- 
shaped composite material 5 and bonded to transverse cross-member 2 of force 
application element 1, then fixed with at least one screw 7. For this purpose, extension 
element 4 has a projection with holes through which the screws can be inserted and 
connected to the transverse cross-member. 

In the embodiments shown in Figures 6A, 6B, 6C, the bottom of extension 
element 4 has a special form so as to ensure a proper adhesive bond, and thus a high 
stress load in direction of tension 11. Here against, extension element 4 is placed on 
adhesive 6 which has been applied on strip-shaped composite material 5, then similarly 
adhesively bonded to transverse cross-member 2 of force application element 1. 

The bottom of extension element 4 facing composite material 5 is, for example, 
wedge-shaped as in Fig. 6A, zigzag-shaped as in Fig. 6C, or wave-shaped as in Fig. 6D. 
It may be necessary to dispense with the special form in the region of the taper due to the 
small thickness of the extension element. These above-described forms may also be 
appUed to transverse cross-member 2. 
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Figure 7 illustrates an especially preferred embodiment of the extension element. 
As was described above, extension element 4 may have any form; what is preferred, 
however, are such designs as tongue-shaped, wedge-shaped or hyperbolic ones which 
optimally reduce the stress peaks. Experience has shown in particular that extension 
elements which have a wedge-shaped or hyperbolic taper implement this function 
optimally. The hyperbolic taper here should be designed such that the extension element 
at half the distance/length of the extension element has a maximum thickness of 10 mm, 
preferably, less than 5 mm. The hyperbolic form may, of course, also be implemented 
differently and must in each case be adapted to the stress conditions expected. 

It is of course understood that the invention is not limited to the embodiments 
shown and described. For example, the specific design of extension element 4 is arbitrary 
per se, and combinations or other embodiments of the embodiments shown in Fig. 6 are 
also possible. 

In addition to the shown strip-shaped composite materials, it is of course also 
possible that other strip-shaped materials and lamellas used to reinforce the supporting 
structure be provided together with the extension element, thereby increasing the load- 
bearing capacity. 

Extension element 4 may, of course, already be attached to tensioning anchor 20, 
or be attached to tensioning anchor 20 and/or the strip-shaped material by adhesive 
bonding or mechanical means. 
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List of Reference Notations 



force application element 
transverse cross-member 
pressure plate 
extension element 

strip-shaped material, in particular, composite material 

adhesive 

screws 

threaded screw 

threaded rod 

supporting structure 

direction of tension 

pressure plate 

ribs 

recess 

projection 

tensioning anchor 



